
Coffee Break Microbial diversity

1

Microbial diversity: let's tell it how it is
Created: March 04, 2004

An impressive number of bacteria—about
30,000 species—are represented in GenBank.
However, our view of the microbial world is
both scant and skewed. A recent estimate
suggests that the sea may support as many as
2 million different bacteria, and a ton of soil
might contain 4 million (1). Less than half of the
bacteria represented in GenBank—about
13,000—have been formally described, and
almost all of these (90%) lie within 4 of the 40
bacterial divisions (2). Similar or greater
paucity of knowledge also exists for archaea
and viruses (3).

Sampling "wild" microorganisms leads to
the discovery of new species and novel
metabolisms, which may be important from
both a basic science and a practical
perspective (for example, see Refs 4,5 [search
PubMed]). For example, if we characterized the
community in the human gut, it would be easier
to spot non-native organisms in food poisoning
outbreaks. Pathogens that may underlie
neurological syndromes that present with
features of infection would stand out against
the background flora (1). Engineered
communities of microorganisms might also be
able to assist clean up of environmental
disasters or create sustainable energy sources.

Exploring bacterial diversity is typically
done by amplifying rRNA genes, in particular
16S rRNA genes, from DNA samples isolated
from a habitat. The sequences are then
compared to each other and to the 16S rRNA

sequences from known species. If no close
match to an existing 16S rRNA gene sequence
is found, then the test sequence is thought to
represent a new bacterium and is listed in
GenBank as "uncultured bacterium". Even in
well-studied, discrete places like the human
mouth, new groups of uncultured bacteria
continue to be discovered all the time. A newly
identified organism has to be isolated and
cultured in the lab to be described further; but
many bugs are just not amenable to
monoculture—they have adapted to living in a
specific environment and may need to be part
of a complex community to survive (1-3).

16S rRNA genes are considered standard
because they are thought to be conserved
across vast taxonomic distance (they are
critical for protein translation), yet show some
sequence variation between closely related
species. However, one problem with using
rRNA genes is that they are often present in
multiple copy numbers; therefore, other
representative genes may be used for
sampling specific populations.

Whole Genome Shotgun Sequencing
of Environmental Samples
New approaches to environmental sampling are
emerging (6–8). One of these used a microarray to
discover and assist in the isolation of new viruses
(6). Two others have used whole genome shotgun
(WGS) sequencing on a population of bacteria,
obviating the need to isolate each organism before
sequencing can begin (7,8). These methods, used

http://www.ncbi.nlm.nih.gov:80/Taxonomy/txstat.cgi?uncultured=hide
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=environmental%20sampling%20bacteria
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=environmental%20sampling%20bacteria
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in combination with existing methods, may provide
shortcuts to the discovery of new genes and give a
holistic persective to microbial populations.

One recent study used a WGS approach to explore
a sample from an acid mine drainage biofilm (7;
AADL00000000). These investigators report that
near-complete genomes for Leptospirillum Group II
and Ferroplasma Type II were assembled, along
with more fragmentory assemblies for Leptospirillum
Group III, Thermoplasmatales archaeon gpl, and
Ferroplasma acidarmanus Type I. Analysis of the
results provided some insight into how such organ-
isms survive in an extreme environment.

In another test case of the WGS method, Venter et
al. (8) sampled water from the Sargasso Sea—one
of the most well-characterized regions of ocean in
the world. The major set of samples produced 1.66
million short sequences, some of which could be
grouped together into larger genomic pieces. There
remained about 400,000 paired-end reads and sin-
gleton reads.

Finding the Data
Using a WGS method to sequence an undefined
population as opposed to a single organism adds
significant complexity to the assembly process and
to the identification of genes. About 25% of the
assembled data from the Sargasso Sea had 3X
coverage or greater; these well-sampled portions
were used to cluster the sequence by “organism”.

The assembled sequences have been deposited in
the WGS division [www.ncbi.nlm.nih.gov/Genbank/
wgs.html] of GenBank, with the project Accession
number AACY01000000; thus, there are 811,372
WGS contigs in GenBank with the Accession num-
bers AACY01000001–AACY01811372. 498,641 of
the WGS contigs are assembled into 232,442 scaf-
folds, the rest remain “singleton” WGS contigs; all
but 10,685 of the scaffolds are made up of two con-
tigs only. For the organism genomes listed in Table
1, 301 of the total scaffolds plus 36 singleton WGS
contigs were used; the remainder have not been
associated with any particular organism.

All of the short sequence reads, including those that
were not included in the assembly, can be found in
the Trace Archive.

The assemblies were then further clustered into 30
tentative organism “bins” based on depth of cover-
age, oligonucleotide frequencies and similarities to
previously sequenced genomes. Of these, 12 are of
sufficient size to be considered a genome assem-
bly, while the remaining 16 are relatively small
single scaffolds (Table 1). All organism bins have
been assigned a taxonomy ID, and have been
placed in the taxonomic tree. Figure 1 shows the
graphical representation of the cf. Shewanella SAR-
1 “genome” sequence.

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AADL00000000
http://www.ncbi.nlm.nih.gov/Genbank/wgs.html
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AACY01000000
http://www.ncbi.nlm.nih.gov/Traces/trace.fcgi?cmd=fstat&m=stat&s=full_stat&mode=1&center_name=1&center_name_o=0&trace_type_code=2&trace_type_code_o=0&species_code=3&species_code_o=0&cnt=4&cnt_o=0&o=63&mincnt=&maxcnt=&submit.x=29&submit.y=12
http://www.ncbi.nlm.nih.gov/Taxonomy/CommonTree/wwwcmt.cgi?id&id=259262&id=259263&id=259264&id=259265&id=259268&id=259269&id=259270&id=259272&id=259273&id=259274&id=259275&id=259276&id=259277&id=259278&id=259279&id=259281&id=259283&id=259285&id=259286&id=259287&id=259288&id=259289&id=259290&id=259291&id=259292&id=259293&id=259294&id=259295&id=259297&id=259298
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Figure 1: (a) Genome view of cf. Shewanella SAR-1, constructed from the whole genome shotgun sequence derived from Sargasso Sea
environmental samples (8). Genes have been classified according to the COG functional categories [www.ncbi.nlm.nih.gov/cgi-bin/COG/
palox?fun=all] of the protein products, and color-coded accordingly. note that the actual order of the scaffolds is unknown, so in this
representation they have been ordered by size. Clicking on the image reveals the gene sequences and approximate location. (b)
Selecting one of the genes (in this case, the blue gene around position 2619000) shows the results of an automated BLAST search
[http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=44354903&cut=95] (BLink). This gene is similar to L-sorbosone dehydrogenase from a
variety of bacteria, archaea, and fungi. L-sorbosone dehydrogenase is an enzyme required for the biosynthesis of L-ascorbic acid, a
product widely used in the food industry as a vitamin and antioxidant.

Each of the 28 organism “genomes” can be viewed in a similar mannner (see Table 1).

Table 1. The organism bins assembled from the Sargasso Sea WGS environmental sample dataset (8).

Organism Bin Description Data Further Reading

Genome Assemblies
cf. Alphaproteobacteria SAR-1 Oligotrophic Typical of marine

bacterioplankton
Genome | GenBank PubMed | Books

cf. Archaea SAR-1 One of the three major domains of life Often
inhabit extreme environments

Genome | GenBank PubMed | Books

cf. Bacteria SAR-1 One of the three major domains of life Genome | GenBank PubMed | Books
cf. Burkholderia SAR-1 Gram-negative bacilli Aerobic Found in a

variety of aquatic environments
Genome | GenBank PubMed | Books

cf. Gammaproteobacteria SAR-
1

Purple bacteria Some plant pathogens Genome | GenBank PubMed | Books

cf. Microbulbifer SAR-1 Marine bacteria that degrade and recycle
complex carbohydrates

Genome | GenBank PubMed | Books

cf. Prochlorococcus SAR-1 Smallest known photosynthetic organism The
most abundant in the ocean

Genome | GenBank PubMed | Books

http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000026
http://www.ncbi.nlm.nih.gov/cgi-bin/COG/palox?fun=all
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=44354903&cut=95
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259263
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004521,CH004522,CH004547,CH004551,CH004560,CH004573,CH004578,CH004579,CH004637,CH004639,CH004640,CH004657,CH004660,CH004674,CH004688,CH004697,CH004698,CH004706,CH004713,CH004714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Alpha-proteobacteria
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Alpha-proteobacteria
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259264
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004546,CH004587,CH004626,CH004642,CH004645,CH004673,CH004694,CH004731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Archaea
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Archaea
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259265
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004477,CH004478,CH004482,CH004485,CH004486,CH004494,CH004495,CH004496,CH004497,CH004498,CH004505,CH004511,CH004515,CH004516,CH004520,CH004523,CH004525,CH004539,CH004542,CH004543,CH004549,CH004552,CH004553,CH004555,CH004557,CH004561,CH004564,CH004565,CH004577,CH004584,CH004590,CH004595,CH004600,CH004601,CH004606,CH004608,CH004609,CH004612,CH004615,CH004616,CH004617,CH004621,CH004622,CH004628,CH004629,CH004647,CH004648,CH004649,CH004650,CH004651,CH004653,CH004656,CH004658,CH004659,CH004661,CH004676,CH004679,CH004683,CH004684,CH004686,CH004687,CH004689,CH004693,CH004696,CH004707,CH004708,CH004710,CH004711,CH004712,CH004716,CH004719,CH004722,CH004723,CH004727,CH004729,CH004730,CH004732,CH004733,CH004735,CH004736,AACY01120406,AACY01119010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Bacteria
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Bacteria
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259269
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004440,CH004448,CH004459,CH004463,CH004474,CH004481,CH004526,CH004531,CH004567,CH004581,CH004588,CH004664,CH004725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Burkholderia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Burkholderia
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259278
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259278
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004524,CH004528,CH004533,CH004540,CH004575,CH004591,CH004592,CH004599,CH004605,CH004607,CH004610,CH004618,CH004620,CH004655,CH004675,CH004682,CH004705,CH004718,CH004720,CH004724,CH004726,CH004734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Gamma-proteobacteria
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Gamma-proteobacteria
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259285
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004436,CH004487,CH004519,CH004593,CH004603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Microbulbifer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Microbulbifer
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259286
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004468,CH004509,CH004514,CH004571,CH004589,CH004602,CH004623,CH004635,CH004646,CH004652,CH004654,CH004663,CH004668,CH004671,CH004703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Prochlorococcus
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Prochlorococcus
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Organism Bin Description Data Further Reading

cf. Proteobacteria SAR-1 Phylum includes nitrogen-fixing bacteria and
enteric bacteria

Genome | GenBank PubMed | Books

cf. Pseudomonadaceae SAR-1 Gram-negative rods Often motile Includes
many plant and a few animal pathogens

Genome | GenBank PubMed | Books

cf. Shewanella SAR-1 Versatile metabolism Potential biotech
applications such as heavy metal or
chlorinated solvent reduction

Genome | GenBank PubMed | Books

cf. Shewanella SAR-2* Versatile metabolism Potential biotech
applications such as heavy metal or
chlorinated solvent reduction

Genome | GenBank PubMed | Books

cf. Streptomyces SAR-1 Superficially similar to fungi (filaments and
spores) Common in many habitats

Genome | GenBank PubMed | Books

Single Scaffolds
cf. Actinobacteria SAR-1 High G+C group of Gram-positive bacteria

Most found in soil Some pathogens
GenBank PubMed | Books

cf. Bordetella SAR-1 Gram-negative coccobacilli Strict aerobes GenBank PubMed | Books
cf. Burkholderiaceae SAR-1 Occupy diverse ecological niches May have

potential for biotech applications but also
involved in human infections

GenBank PubMed | Books

cf. Caulobacter SAR-1 Found in oligotrophic environments
Prosthecate (having appendages)

GenBank PubMed | Books

cf. Crenarchaeota SAR-1 Archaeal Most species are motile Tolerant of
extreme acidity and temperature

GenBank PubMed | Books

cf. Cyanobacteria SAR-1 Aquatic and photosynthetic Often called ”blue-
green algae”

GenBank PubMed | Books

cf. Enterobacteriaceae SAR-1 Large Gram-negative rods Facultative
anaerobes

GenBank PubMed | Books

cf. Haemophilus SAR-1 Gram-negative rods Like to grow on blood
agar Some pathogens

GenBank PubMed | Books

cf. Magnetococcus SAR-1 Gram-negative coccus Magnetic bacteria
Usually located at sediment-water
interface

GenBank PubMed | Books

cf. Magnetospirillum SAR-1 Magnetic bacteria GenBank PubMed | Books
cf. Ralstonia SAR-1 Includes medically and economically

important plant and animal pathogens
GenBank PubMed | Books

cf. Rhizobiales SAR-1 Involved in nitrogen fixation, often in symbiotic
relationships with plants

GenBank PubMed | Books

cf. Sinorhizobium SAR-1 Symbiotic nitrogen fixation in plant root
nodules

GenBank PubMed | Books

cf. Spirochaetales SAR-1 Spiral rods Some pathogens (e.g. Borrelia
burgdorferi - Lyme disease)

GenBank PubMed | Books

cf. Streptomycetaceae SAR-1 Typically aerobic and found in soil Some
parasitic forms

GenBank PubMed | Books

cf. Vibrionaceae SAR-1 Gram-negative, non-sporing rods Generally
motile Many strains of Vibrio genus cause
infection

GenBank PubMed | Books

cf. is used to designate an unidentified species of the genus. Therefore, “cf. Burkholderia” means “something that is like the genus
Burkholderia“ (in this case, by sequence similarity).
As each organism bin could actually represent several different unidentified species, a strain name cannot be assigned, so instead, the
suffix "SAR-#" identifies each bin as a “Sargasso Sea cyber-species”.
* cf. Shewanella SAR-2: two distinct Shewanella genomes were constructed from the dataset.

A variety of approaches suggested that there are at
least 1000 species represented in the Sargasso
Sea samples (8). Burkholderia species were repre-

sented in a high proportion (a genus that includes
human and plant pathogens and some environmen-
tally important bacteria), as were two distinct

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259287
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004443,CH004462,CH004483,CH004488,CH004492,CH004493,CH004518,CH004532,CH004550,CH004554,CH004566,CH004572,CH004576,CH004580,CH004594,CH004611,CH004619,CH004624,CH004625,CH004630,CH004631,CH004633,CH004638,CH004641,CH004644,CH004662,CH004665,CH004670,CH004672,CH004677,CH004678,CH004680,CH004681,CH004700,CH004704,CH004709,CH004715,CH004717,CH004728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Proteobacteria
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Proteobacteria
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259288
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004667,CH004691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Pseudomonadaceae
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Pseudomonadaceae
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id= 259291
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004437,CH004439,CH004441,CH004442,CH004445,CH004446,CH004447,CH004449,CH004450,CH004451,CH004452,CH004453,CH004455,CH004456,CH004457,CH004458,CH004461,CH004464,CH004465,CH004467,CH004469,CH004471,CH004473,CH004476,CH004489,CH004501,CH004502,CH004503,CH004506,CH004508,CH004512,CH004529,CH004530,CH004536,CH004538,CH004558,CH004559,CH004562,CH004570,CH004582,CH004586,CH004636,CH004692,CH004701,AACY01051743,AACY01051759,AACY01063199,AACY01063203,AACY01063207,AACY01065121,AACY01120264,AACY01000460,AACY01000462,AACY01000563,AACY01000701,AACY01051461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Shewanella
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Shewanella
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259292
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004438,CH004444,CH004454,CH004460,CH004466,CH004470,CH004472,CH004475,CH004479,CH004480,CH004491,CH004500,CH004507,CH004510,CH004513,CH004517,CH004527,CH004534,CH004535,CH004537,CH004544,CH004556,CH004574,CH004583,CH004585,CH004596,CH004632,CH004699,AACY01120357,AACY01000469,AACY01000504,AACY01000507,AACY01000560,AACY01000677,AACY01000692,AACY01000752,AACY01000814,AACY01000820,AACY01000893,AACY01000944,AACY01051800,AACY01051805,AACY01051883,AACY01065123,AACY01065458,AACY01066905,AACY01066938,AACY01066962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Shewanella
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Shewanella
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259295
http://www.ncbi.nlm.nih.gov/genomes/framik.cgi?db=genome&gi=5000025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004614,CH004666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Streptomyces
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Streptomyces
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Actinobacteria
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Actinomycetes
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Bordetella
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Bordetella
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Burkholderiaceae
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Burkholderiaceae
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Caulobacter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Caulobacter
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Crenarchaeota
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Crenarchaeota
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Cyanobacteria
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Cyanobacteria
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Enterobacteriaceae
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Enterobacteriaceae
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Haemophilus
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Haemophilus
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&term=CH004669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Magnetococcus
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Magnetococcus
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=259283
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species closely related to Shewanella oneidensis.
Both of these genera require a more nutrient-rich
environment than the open ocean can offer, sug-
gesting that they originated from microhabitats such
as marine snow. The cyanobacterium Prochloro-
coccus was also relatively abundant in some sam-
ples.

Although the primary focus of this study was on
bacterial populations, WGS environmental sampling
may be an equally valid approach for exploring
plasmids (Table 2), phage, viruses, and eukaryotic
microbes.

Table 2. The plasmid bins assembled from the Sargasso Sea WGS environmental sample dataset (8).

Plasmid Bin Data

Plasmid pSAR-1   GenBank
Plasmid pSAR-2   GenBank
Plasmid pSAR-3   GenBank
Plasmid pSAR-4   GenBank
Plasmid pSAR-5   GenBank
Plasmid pSAR-6   GenBank
Plasmid pSAR-7   GenBank
Plasmid pSAR-8   GenBank
Plasmid pSAR-9   GenBank
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